P
eptide hormones from cardiac atria, referred to as atrial natriuretic factor (ANF), produce a variety of receptor-mediated biological effects. 1 Specific and sensitive ANF receptors 2 have been demonstrated in several tissues including several cell types in the kidney. The most likely second messenger for ANF is cyclic guanosine monophosphate (cGMP). 3 Either ANF binding or stimulation of cGMP formation has been demonstrated in a variety of renal structures including glomerular visceral podocytes, 4 capillary endothelial cells, 4 mesangial cells, 5 cells of the cortical collecting tubule, 6 and juxtaglomerular cells. 7 Increased cGMP accumulation results from ANF stimulation of a membrane-associated guanylate cyclase 3 although ANF inhibition of adenylate cyclase has also been reported. 8 It occurred to us that at least one of these cell types and therefore From the Alton Ochsner Medical Institutions, New Orleans, Louisiana.
The hKT clone is available on request from Dr. U. Rovigatti, IBR, 13220 N. 105th Ave., Sun City, AZ 85351; SK-NEP-1 is available from American Type Culture Collection, Rockville, Maryland.
Histologically, the characteristic features of the Wilms' tumor are "primitive or abortive glomeruli with apparent or poorly formed Bowman spaces, and abortive tubules enclosed within a spindle cell stroma." 10 This report is the first to demonstrate ANF stimulation of cGMP accumulation in a continuously cultured human renal cell line. These cells 9 provide a convenient in vitro model for investigating human ANF-receptor properties.
Materials and Methods

Cell Lines
Human kidney tumor cells (hKT) are from a clone derived from the parent cell line SK-NEP-1, originally isolated from a malignant pleural effusion of a patient with Wilms' tumor, 9 (HTB-48, American Type Culture Collection [ATCC] Rockville, Maryland) in a two-step procedure. In the first step, adherent clones rapidly growing in our medium (E-12) were first identified and isolated employing small cloning cylinders, as previously described.
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In the second step, nonadherent and very rapidly proliferating cells were cloned by dilution and micromanipulation. 12 The medium we have devel- The initial studies were conducted on hKT cells derived from the parent cell line SK-NEP-1. hKT cells were extremely sensitive to growth conditions. When we obtained the parent cell line from ATCC, additional studies established that SK-NEP-1 grew well in a simpler growth medium recommended by ATCC, namely, McCoy's 5-a medium with 15% fetal bovine serum added. Moreover, subsequent studies have established that the parent cells and the clone derived therefrom appear to have identical morphology and responsiveness to ANF. Therefore, due to the easy availability of the parent cell line through ATCC, and its less complicated growth requirements, our confirmatory as well as our present studies have been and will continue to be conducted using SK-NEP-1.
hKT and SK-NEP-1 cells were transferred biweekly at dilutions of 1:4 or 1:5 in the E-12 medium or McCoy's 5-a plus 15% fetal bovine serum, respectively. The viability of the cells was always checked by the trypan blue exclusion test (GIBCO) and was always above 95% in the experiments reported here. The cells retained viability after being frozen in their respective media, which contained 10% glycerol (sterile, ultrapure from Alfa Prods., Danvers, Massachusetts) (hKT cells) or 5% dimethyl sulfoxide (SK-NEP-1 cells), in liquid nitrogen.
The hKT cell membranes were prepared using the procedure described by Meloche et al 13 for LLC-PK, cells.
Determination of Cyclic Nucleotides
SK-NEP-1 and hKT cells were centrifuged at 500g for 5 minutes at 4° C or 22° C and washed with MEM to which we added 20 mM HEPES, pH 7.4. Cellular protein content and cell number were determined at this point by the Bio-Rad (Richmond, California) protein assay and with a Levy-Hausser hemocytometer, respectively. After centrifugation at 500g for 5 minutes, the cells were resuspended in MEM containing HEPES and 0.5 mM 3-isobutyl-1-methylxanthine (IBMX) and preincubated for 20 minutes in a 37° C water bath under an atmosphere of 95% O 2 and 5% CO 2 . Incubations were started by adding to 0.4 ml suspended cells (0.2 mg cell protein or 2x 10 6 cells) 0.05 ml ANF or amiloride to make a final volume of 0.5 ml. Incubations were carried out for 5 minutes at 37° C and terminated by the addition of 0.5 ml 12% trichloroacetic acid. The acidified cell suspension was sonicated for 10 seconds with a Kontes microultrasonic cell disrupter and centrifuged at 2,500g for 15 minutes at 4° C. The supernatants were extracted four times with water-saturated diethyl ether, and the ether layer was removed and discarded. The ether-extracted incubates were dried by evaporation under an airstream in a 70° C water bath. Each residue was dissolved in 0.5 ml radioimmunoassay buffer, and the cyclic nucleotide content was determined in duplicate by radioimmunoassay after acetylation with the reagents and procedure provided by DuPont New England Nuclear Corporation (Wilmington, Delaware). Guanylate cyclase activity was measured as described previously. 14 
Statistical Analyses
Values were expressed as mean±SEM. Single comparisons were assessed by a paired t test. For multiple comparisons, data were transformed to their logarithms, and a one-way analysis of variance was performed with subsequent pairwise comparisons by means of Bonferroni's correction for p values.
Results
A photomicrograph of hKT cells in culture is shown in Figure 1 . Parent SK-NEP-1 cells were microscopically indistinguishable from hKT cells. Human ANF-(99-126) stimulated cGMP accumulation in hKT cells, whereas it had no effect on cAMP accumulation (Table 1) . ANF stimulated cGMP accumulation in hKT cells in a dose-dependent manner, and this stimulation was augmented by amiloride (10~4 M), particularly at low levels of ANF (10~1 0 M) where the stimulation would otherwise be difficult to detect (Figure 2 ). In contrast, high concentrations (10~6 M) of other renally active peptide hormones, angiotensin II, arginine vasopressin, and oxytocin, as well as a truncated analogue of ANF, atriopeptin I [rat ANF-(103-123)], were not active in stimulating cGMP accumulation in hKT cells. In the parent cell line, SK-NEP-1, we confirmed the augmentation by amiloride at low doses of ANF (Table 2 ). Amiloride enhanced (p<0.01) ANF-stimulated cGMP accumulation at 10~1 0 M ANF, but at 10~8 M and 1(T 6 M ANF augmentation by amiloride was not significant.
Stimulation of cGMP accumulation was proportional to the dilution of the hKT cells (Figure 3) .
ANF stimulation of cGMP accumulation in whole hKT cells seems to result from the ANF stimulation of membrane-associated guanylate cyclase. ANF (10~6 M) stimulated particulate guanylate cyclase activity from a basal value of 3.50±0.62 to 4.85±0.72 pmol/mg protein/1 min (n=5, /?<0.01). We observed, like others, 3 that stimulation of cGMP was not demonstrable in the soluble fraction from these preparations (data not shown).
Stimulation of cGMP by ANF (10~6 M) was attenuated when hKT cells were preincubated for 12 hours with pertussis toxin (100 ng/ml) in their growth medium (Table 3 ). In contrast, ANF stimulation was not inhibited when hKT cells were incubated with cholera toxin (1.0 jug/ml) ( Table 4) . Moreover, preincubation of hKT cells with pertussis and cholera toxins greatly increased basal levels of cAMP, but ANF was without apparent effect on these cAMP elevations. Discussion ANF specifically and sensitively stimulates accumulation of cGMP through its activation of cell membrane-associated guanylate cyclase in a wide variety of tissues including the kidney. 3 The data reported herein demonstrate that ANF stimulates cGMP accumulation in continuous cultures of cloned cells (hKT) as well as in the parent cells from the human renal tumor cell line 9 SK-NEP-1. This ANF- stimulated cGMP accumulation was sensitive and specific for ANF; it could be detected at 10" 10 M ANF, and other peptides with renal activity did not have detectable effects on cGMP accumulation. Furthermore, amiloride potentiated ANF stimulation of cGMP in these cells particularly at low levels of ANF. Amiloride, a sodium channel reuptake inhibitor and potassium-sparing agent, increases high-affinity ANF binding to its receptors in adrenal cells. 13 Further experiments will be necessary to distinguish whether amiloride enhancement of ANFstimulated cGMP accumulation that we observed may result from amiloride-induced ANF receptor alterations or may be secondary to effects on guanylate cyclase activity resulting from alterations in sodium reuptake 15 that could directly or indirectly affect the guanylate cyclase microenvironment. ANF stimulation of cGMP formation was demonstrated in cell membrane preparations from hKT cells, supporting the observations of others 3 in which ANF stimulated particulate, rather than soluble, guanylate cyclase activity.
We were unable to demonstrate an ANF-induced inhibition of cAMP accumulation in hKT cells using conditions where ANF stimulation of cGMP accumulation was pronounced. Even though both cAMP inhibition and cGMP stimulation have been demonstrated simultaneously in renal juxtaglomerular cells, 16 this inhibitory property of ANF is reported to be more difficult to demonstrate.
1718 Both stimulation of cGMP accumulation 16 and inhibition of adenylate cyclase activity 18 by ANF have been reported to be sensitive to pertussis toxin, which suggests the involvement of G proteins in these processes. In the present study, we observed that preincubation of hKT cells with pertussis toxin inhibited ANF stimulation of cGMP accumulation by approximately 53%; however, it did not affect basal cGMP accumulation. Further in vitro studies are necessary to distinguish whether the pertussis toxin inhibition of cGMP accumulation, which we observed in whole renal cells, results from a direct inhibition of a dual function Gj protein that mediates ANF inhibition of cAMP and ANF stimulation of cGMP, as suggested by Kurtz, 16 or whether the inhibitory effect of the toxin resulted from its toxic effects on cell growth and a selection of a subset of renal cells less sensitive to ANF. In contrast, ANF- Cholera and pertussis toxins increased basal cAMP accumulation in hKT cells, but these increases were unaffected by ANF. Though ANF responsiveness has been demonstrated in human tissues 20 including kidney cells, 21 this is the first demonstration of ANF responsiveness in cells cloned from a continuously cultured human renal cell line. 9 This observation provides biochemical support for the renal cellular nature of the Wilms' tumor, which is characterized histologically by the presence of preglomerular and pretubular structures 10 and therefore should have contained ANF responsive cells. 4 - 7 The hKT cells depicted in Figure 1 show a spherical epithelial morphology comparable with that depicted for the parent cell line SK-NEP-1. 9 Taken together, the data in the present report suggest that this Wilms' tumor cell line possesses cells that exhibit properties expected of ANF responsive target cells, and thus this cell line may serve as a useful in vitro model for investigating ANF-mediated events at a cellular level. Additional studies of this cell line are necessary to establish whether its ANF receptor properties are similar to those demonstrated in other renal tissues and cell lines; however, our data thus far suggest that the ANF responsiveness in this cell line is comparable with that in other renal systems. 
